Introduction
Colorectal cancer (CRC) screening is recommended for prevention and early detection of CRC.
1,2 Individuals with no personal or family history of CRC or polyps are advised to undergo screening every 10 years, while those who are at higher risk (those with a personal/family history of colorectal disease, including those with inflammatory bowel disease [IBD] ) should be screened more often.
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Unfortunately, bowel preparation is widely viewed by patients as a significant negative aspect of the colonoscopy procedure. [11] [12] [13] Poor tolerability for bowel preparation agents may increase the odds of a patient not taking the full dose, which can lead to poor bowel preparation that prevents screening. A survey of patients undergoing colonoscopy found that poor tolerability to bowel preparation agents was associated with a lower quality screen and fewer polyps detected.
14 A meta-analysis of bowel preparation agents administered as a split dose showed that their use significantly increased the adequacy of bowel preparations, compared to day-before dosing, and that patients taking a split dose had significantly higher willingness to repeat preparation with the same agent; similar results were seen for same-day dosing. 15, 16 An earlier claims study examined the hospitalizations and need for repeat screenings among patients using commonly prescribed prescription bowel preparation agents. 17 However, that study did not include over-the-counter (OTC) preparation agents, which account for a significant portion of the bowel preparation agents used for screening colonoscopies. 18 The study also did not assess the rate of incomplete screening colonoscopies or data from high-risk individuals, thus giving only a partial view of the real-world effectiveness and safety of bowel preparation agents.
The aim of the current study was to evaluate the realworld effectiveness and safety of bowel preparation agents by measuring rates of incomplete screenings, repeat screenings, and hospitalizations after screenings, stratified by bowel preparation agent, including in high-risk individuals.
Methods
study design
This was a retrospective cohort study of outcomes of screening colonoscopy in individuals using different bowel preparation agents, identified in employer-based health insurance claims. De-identified data, licensed from the Truven Health Analytics Commercial and Medicare Supplemental MarketScan databases (Truven Health Analytics, Ann Arbor, MI, USA), were extracted for the period from July 1, 2012, through June 30, 2015 . This study was exempt from IRB approval as it did not involve any biomedical research with human subjects.
The index screening was defined as the first screening colonoscopy identified for the individual during the study period. Screening colonoscopies were identified based on ICD, ninth revision, Clinical Modification (ICD-9-CM) procedure codes: 4522, 4524, 4523, 44355, 44388-44394, 45378-45387, 45391, 45392, G0105, G0121, G0104, G0106, or G0120. Screening colonoscopies identified by these codes were also included if they had a modifier code of 33 or PT, indicating one or multiple polyp(s) were removed. High-risk individuals were identified by a screening procedure code of V1005, V1006, V1272, V160, V1851, V7641, V7651, V8409, or G0105. All other colonoscopies were considered to be diagnostic, rather than screening, procedures and were not included in the study.
Data from screening colonoscopies using sodium picosulfate, magnesium oxide, and citric acid (P/MC) low-volume bowel preparation agents were compared to 1) all other lowvolume (LV) agents as a class, 2) the two most commonly prescribed LV agents (oral sulfate solution [OSS]; polyethylene glycol plus ascorbic acid [PEG + AA]), 3) high-volume (HV) agents, and 4) OTC agents.
LV agents were defined as those with <4 L solution; HV agents were those with ≥4 L solution (based on their approved labeling and directions for use). 19, 20 Tablet-based agents were categorized as "other bowel preparation agents." In the US, OTC medicines are not covered by health insurance and will not show up in administrative claims databases. Therefore, the lack of a prescription filled in the claims database for a bowel preparation agent within 90 days before the screening was used to identify individuals assumed to have used an OTC preparation agent.
study population
Individuals were included in the study if they had at least one colonoscopy during the study period, were ≥18 years of age at the time of the index screening, and could be observed for at least 6 months before and at least 3 months after the index screening in the database.
Individuals were stratified by the presence or absence of risk factors for CRC into those who were considered to have average risk (no personal/family history) and those who were deemed high-risk (with a personal/family history of colorectal disease). A subset of individuals in the highrisk group with IBD was analyzed separately. Individuals with IBD were identified by ICD-9-CM diagnosis codes for ulcerative colitis: 560.89, 556.0, 556. 
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real-world comparison of bowel preparation agents codes found in administrative claims data, with higher scores indicative of poorer health.
21,22
Outcomes
The effectiveness outcomes examined in this study were the number of incomplete screenings, and the number of return screenings following an incomplete screening. Incomplete screenings were defined as screening colonoscopies with a procedure modifier code of 22, 52, 53, 73, or 74. A repeat screening was defined as a second screening colonoscopy that occurred within 30 days or 90 days of the index screening. A second screening colonoscopy that occurred within 90 days of an incomplete screening indicated a return due to the failure of the index screening, as the guideline-recommended regular screening interval is at least 1 year or longer. [1] [2] [3] 23 Adverse events included in this study were hospitalizations due to hyponatremia (identified by ICD-9-CM diagnosis code 276.1 or 276.0) or to dehydration (identified by ICD-9-CM diagnosis code 276.50, 276.51, or 276.52) that occurred within 10 days of the index screening. Fluid levels in an individual following a bowel preparation are a particular concern for those using LV agents, and these hospitalizations would likely indicate an issue with product safety that could have been associated with the preparation agent.
statistical analysis
Descriptive statistics (mean, SD, range) were calculated for the demographic and clinical characteristics in each cohort. Rates of incomplete screenings, repeat screenings, and hospitalizations due to adverse events were calculated. The rate of repeat screenings was calculated as a proportion of the number of incomplete screenings.
Multivariate logistic regression, adjusting for age, sex, illness burden (CCI), comorbidities, and medication use, was conducted to evaluate whether the outcomes were significantly different for individuals who received P/MC compared to HV agents, P/MC compared to other LV agents, P/MC compared to OTC agents, and P/MC compared to OSS or PEG + AA. In all comparisons, the LV class data did not include P/MC. Point estimates were examined for age and sex covariates to determine the effect, if any, of these variables on the rates of incomplete and repeat screenings.
All analyses were conducted using SAS Version 9.4.
Results
Demographic characteristics
A total of 2.8 million individuals were included in the study (Table 1) . Most individuals (71.5%) were categorized as having average risk for CRC, while 28.5% were high risk. Of the high-risk group, 4.5% had IBD and 24.0% had a non-IBD personal history of colorectal disease or any family history of colorectal disease.
In the average-risk group (n=2,013,880), 54.7% were female, the mean (SD) age was 55.8 (11.1) years, and the mean (SD) CCI score was 0.47 (1.04) ( Table 1) . In this group, 56.5% used an OTC preparation agent, 30.2% used a LV agent, and 9.5% used a HV agent ( Table 1) .
The high-risk group and the IBD subgroup had similar demographic characteristics and patterns of use for the classes of bowel preparation agents (Table 1) .
average-risk group incomplete screenings
The rates of incomplete screening colonoscopies were 0.93% among individuals who used LV agents, 0.92% with HV agents, and 0.79% with OTC agents (Table 2) . For the three most frequently used LV agents, the rates of incomplete screenings were 0.76% for P/MC, 0.88% for OSS, and 1.01% for PEG + AA. In multivariate analyses that controlled for age, sex, illness burden, comorbidities, and medication use, individuals who used P/MC had significantly lower odds of incomplete screenings compared to other LV agents as a class (P<0.0001), HV agents (P<0.01), OSS (P<0.01), or PEG + AA (P<0.0001) ( Table 2 ). There was no significant difference in the odds of an incomplete screening between individuals who used P/MC or OTC bowel preparation agents.
Among average-risk patients, women were 1.4-1.5 times more likely to have an incomplete screen, compared to men (P<0.0001; Table S1 ). Age did not have a significant effect on the odds of an incomplete screen, except in the cohort comparison of P/MC with OTC, where the odds of an incomplete screen was 1.004 (P=0.0378) with each additional year of age.
repeat screenings
Of the individuals who had an incomplete screening, the rates of 30-and 90-day repeat screenings were highest for those using P/MC (16.7% and 23.0%, respectively; Table  2 ). Results of multivariate analyses showed that individuals who used P/MC had 1.9 times the odds of returning for a repeat screening as individuals who used other LV agents (P<0.0001), 1.5 times the odds as those who used an HV agent (P<0.01), 2.6 times the odds of returning as those who used OSS (P<0.0001), and 1.5 times the odds as those who used PEG + AA (P<0.01) ( Table 2 ). There was no significant difference between individuals who used P/MC or OTC bowel Table S1 ). Each additional year of age was associated with slightly lower odds of returning for a repeat screen in all cohorts (OR =0.99; P<0.05) except for P/MC vs OSS.
hospitalizations
The rates of hospitalizations within 10 days of the index event due to hyponatremia or dehydration were low (<0.1%) across all classes. However, the rates of hospitalizations were much higher for individuals who used an OTC bowel preparation agent than those who used either LV or HV agents or P/MC (Table 3 ). There were no significant differences in the odds of hyponatremia between individuals using P/MC or other agents or agent classes, likely because of the very small number of adverse events recorded. ORs for hospitalizations due to dehydration were not calculated because there were no events reported in individuals using P/MC.
high-risk group incomplete screenings
In high-risk individuals, the rates of incomplete screenings were 0.81% for P/MC, 1.02% for OSS, and 1.20% for PEG + AA (Table 4) . In multivariate analyses, individuals who used P/MC had significantly lower odds of incomplete screenings compared to those using other LV agents as a class (P<0.0001), HV agents (P<0.05), OSS (P<0.0001), or PEG + AA (P<0.0001). There was no significant difference in the odds of an incomplete screening between individuals using P/MC or OTC bowel preparation agents (Table 4) .
Among high-risk patients, women in all cohorts were 1.4-1.5 times more likely to have an incomplete screen, compared to men (P<0.0001; Table S2 ). In the P/MC vs OTC cohort, each additional year of age was associated with lower odds of an incomplete screening (OR: 0.994; 95% CI [0.991, 0.997]; P<0.0001).
repeat screenings
Of the high-risk individuals who had an incomplete screening, the rates of 30-and 90-day repeat screenings were highest for those using P/MC (18.3% and 23.0%, respectively; Table 4 ). Multivariate analyses showed that individuals who used P/MC had 2.6 times the odds of returning for a repeat screening as individuals who used OSS (P<0.0001) and 1.9 times the odds as individuals who used PEG + AA (P<0.01). When comparing P/MC to the classes of bowel preparation agents, individuals who used P/MC had 2.0 (P<0.01), 2.1 (P<0.01), and 1.6 (P<0.05) times the odds of returning for a repeat screening within 90 days of the index screening as individuals using LV, HV, or OTC bowel preparation agents, respectively (Table 4) .
There were no significant differences between men and women in the odds of returning for a repeat screening (Table  S2) hospitalizations Similar patterns were seen in the high-risk group as in the average risk group for hospitalizations due to hyponatremia and dehydration (Table 5 ). Rates of hospitalizations were low and comparable across P/MC, OSS, and PEG + AA groups, while rates of hospitalizations were higher for the OTC group.
iBD subgroup incomplete screenings
For high-risk individuals with IBD, the rates of incomplete screening colonoscopies were 0.74% for P/MC, 1.32% for OSS, and 1.43% for PEG + AA (Table 6 ). In multivariate analyses, individuals who used P/MC had significantly lower odds of incomplete screenings compared to other LV agents as a class, to HV agents, OTC agents, and compared to OSS and PEG + AA (all P<0.01; Table 6 ). Individuals with IBD who used P/MC had approximately half the odds of an incomplete screening compared to all classes and agents.
Among patients with IBD, women were 1.1-1.5 times more likely to have an incomplete screen, compared to men, although these estimates were not all significant (Table S3) . Age did not have a significant effect on odds of incomplete screening except for the P/MC vs OSS cohort (OR: 1.011; 95% CI [1.001, 1.021]; P=0.0301).
repeat screenings
Of the individuals with IBD who had an incomplete screening, the rates of 30-and 90-day repeat screenings were highest for P/MC (18.5% and 22.2%, respectively; Table 6 ). There were no significant differences between agent classes or agents in the odds of returning for a repeat screening colonoscopy, likely due to the small numbers of individuals in this analysis.
Sex was not a significant factor in returning for a repeat screening after an incomplete one, except for the P/MC vs OTC cohort, where women had lower odds of returning for a repeat screen within 90 days, compared to men (OR: hospitalizations There were no hospitalizations due to dehydration or hyponatremia recorded for individuals with IBD who used P/MC, OSS, or PEG + AA for bowel preparation before the index screening (Table 7) . OTC agents were associated with higher rates of hospitalizations than the other bowel preparation agents.
Discussion
Significantly fewer individuals who used P/MC as a bowel preparation agent prior to their colonoscopy had an incomplete screening, indicating that P/MC was as efficacious as or more efficacious than other commonly used bowel preparation agents. These differences in rates of incomplete screenings were significant across all patient groups (average-risk, high-risk, and IBD) and compared with other LV agents, HV agents, and OTC agents. Of those who did have an incomplete screening, more individuals who used P/MC for their index screening returned for a repeat screening within the specified period compared to individuals who used other LV agents and those who used HV agents, suggesting better tolerability of P/MC for bowel preparation. These differences were significant across all comparisons to prescription preparation agents.
The outcomes in this study may have been affected by how each agent was taken, ie, whether it was consumed as a split dose or day before dose, and the bowel preparation that was used with the repeat screening and the outcomes of the repeat screening.
Reports in the literature indicate that approximately 20% of all colonoscopies show inadequate bowel preparation. 10, 13, 23 Recent studies of single center medical records showed an average rate of inadequate bowel preparation of 9-19.5%, with the inadequacy varying depending on the bowel preparation agent. 24, 25 However, physicians may decide to perform intra-procedure cleansing to enable better visibility of the colonic mucosa and complete the colonoscopy, rather than risk the individual not returning for a repeat screening after an incomplete colonoscopy. 10 Therefore, the rates of incomplete screenings measured in this study may reflect this practice and lead to rates of incomplete screenings that are lower than rates of incomplete bowel preparations. Additionally, this study included only colonoscopies performed on an outpatient basis, which comprise the majority of colonoscopies and tend to have lower incomplete rates than those performed as inpatient procedures. 26 Clinical trials of bowel preparation agents indicate that in approximately 1-5% of cases, the 
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real-world comparison of bowel preparation agents cecum could not be intubated (incomplete colonoscopy), which is similar to the rates seen in this study. 27, 28 There was no evidence of any new safety issues associated with P/MC in real-world use compared to what has been reported in randomized, clinical trials. 28 The rates of hospitalizations in this study were similar between P/MC and other LV agents. Across all risk groups, OTC agents were associated with the highest rates of hospitalizations due to hyponatremia or dehydration. This may be due to a lack of supplemental electrolytes in OTC preparation agents that are provided in some prescription bowel preparation solutions or variability in fluid intake as part of the bowel preparation procedure. This latter possibility may be related to a lack of standardized instructions for OTC bowel preparation agents. 10 The high-risk group, as well as the IBD subset of the highrisk group, had higher rates of incomplete screenings than the average-risk group in this study, which may reflect a lower tolerability for more frequent bowel preparations among these patients. In high-risk individuals, including those with IBD, compliance with bowel preparation is particularly critical. 29, 30 However, the tolerability of bowel preparation agents may deter these individuals from returning as needed for screenings. 30, 31 Missed screening colonoscopies can have negative consequences for polyp detection and long-term health. [7] [8] [9] 32 Rates of repeat screenings in the high-risk group in this analysis were higher for individuals using P/MC, suggesting that they were more likely to return for screening than those using other bowel preparation agents.
OTC bowel preparation agents were the most commonly used agents (57%) for screening colonoscopies in our sample. Another claims study representing just over 500,000 colonoscopies showed slightly lower rates of OTC bowel preparation agent use (43%; as defined by the lack of a prescription bowel preparation agent within 30 days before a procedure) than that observed here. 18 In our study, OTC agents were defined as a lack of prescription for a bowel preparation agent within 90 days before screening. Most of the individuals in this group likely used OTC bowel preparation agents, but it is possible that some used prescription bowel preparation agents that they received as samples from their physicians; this would not have been detected in claims data. Because there is no claims code to indicate an OTC agent, the lack of a prescription was chosen as the best surrogate marker to approximate OTC agent use. Limitations of the current study include the use of incomplete screenings as a surrogate for the effectiveness of a bowel preparation agent. This measure may also include individuals who had an incomplete screening due to nonadherence to the bowel preparation instructions; or technical problems related to anatomy, such as a fixed or tortuous colon, or ones secondary to a previous abdominal or pelvic surgery. The study also did not quantify either the impact of an incomplete screening or not returning for a repeat screening on any long-term health outcomes. The time period of 30 or 90 days after the index screening was an arbitrary window used to quantify how many individuals return after an incomplete screening, but these time frames may not have captured all of the individuals who did eventually return. An administrative claims study showed that rates of long-term repeat screening colonoscopies (up to 4 years after index screening) were 12.6% in commercially insured patients and 19.8% in Medicare-insured patients. 18 Additionally, there was no measure of dosing for each agent (ie, how much was actually taken vs how much was prescribed); thus, it remains unknown how much solution is associated with a success or failure of the bowel preparation. Direct measures of patient preferences or tolerability were not acquired in this study, and the rate of repeat screenings after an incomplete one are taken as a surrogate of patient tolerability.
Conclusion
This study showed that P/MC was associated with lower rates of incomplete screening colonoscopy in all patient risk groups and higher rates of a repeat screening within 30 and 90 days of an incomplete screening. These findings suggest that bowel preparation with P/MC was more effective in the index screening and less of a deterrent for patients needing repeat screenings. Overall, high-risk individuals had higher rates of incomplete screenings than average-risk individuals, which may necessitate more patient education on the part of the clinician. The safety of P/MC was comparable to that of other prescription agents. While OTC agents were used for more than half of the bowel preparations in this study, OTC agents were associated with higher rates of hospitalizations than other agents, which could be caused by the agent itself. Based on the relative effectiveness and safety advantages in average-and high-risk populations, P/MC should be considered for all bowel preparations for CRC screening. Standardization and improved clarity of the instructions for OTC bowel preparation agents may help avoid some of the hydration or electrolyte complications associated with these agents. 
